This paper aims to determine an optimum location for dry port development in Togo. The dry port location decision problem is formulated using Analytic Network Process which consists of multi-criteria evaluation techniques through a pairwise comparison and a super-matrix formation. This research also conducted a field survey through questionnaires and interviews in order to retrieve adequate data from group of experts which were analyzed in establishing the ANP model using Super Decision software. Sokodé has the highest ideal score of 0.94 among other selected alternatives thus, making it the best location for establishing a dry port in Togo. Although all parameters estimated should be uncertain in reality, the sensitivity analysis of the model still indicates that the output results are quite stable. Furthermore, the port of Lomé is also considered as the gateway port providing both inbound and outbound traffic to the hinterland locations within Togo and also to West African landlocked countries.
Introduction
Facility location decision making or the expansion of an existing capacity is of great importance to a decision maker faced with such requirements. This is because the cost of construction makes facility location a long term investment decision. Moreover, they are often fixed and difficult to alter in short or intermediate term. The optimum location for every facility should result in higher economic benefits and increase productivity with adequate distribution network, thus selecting the best location from a given set of substitutes requires a good assessment of both quantitative and qualitative criteria and sub-criteria. Inadequate facility location often results to excess cost incurred throughout the lifetime of the facilities, no matter how well the production plans, transportations options, inventory management and information sharing decisions are optimized in response to changing conditions. According to [1] , dry port remains an important node in the entire supply chain framework that cannot be ignored both in practice and as an identifiable field of research. Before establishing a dry port, the choice of location is critically assessed as the location has a great impact on its overall performance, especially when considering its intermodal connectivity. Apart from providing services as an intermodal terminal or a consolidation node for other transport modes, dry ports have also completely changed the inland intermodal transport framework from/to seaports with great capacity traffic nodes such as rail rather than only roads [2] [3] . [4] asserted that in order to be productive, dry ports must be able to generate enough volume of traffic. Thus some dry ports are sited either far or close to industrial or production centers. However, most dry ports are usually not well planned, either too far from the optimal sites under government administrative policies or overinvested which results to a huge waste of resources [5] . [6] recommended that the position of a dry port can be appraised according to theoretical, technical and economic potentials. The theoretical potential could be expressed in the capacity of road traffic and the volume of maritime rail containers predicted for a certain year in the future and concerning certain transportation distance. He also ascertained that technical potentials should be evaluated after the examination of infrastructure requirements, while economic potentials should be founded on the "real" costs of infrastructure and external costs. Therefore, finding an optimum location for dry ports to achieve well-known tradeoffs between cost-adding and cost-saving factors remains a vital issue for decision makers.
The objective of this paper is to derive an optimum location for dry port development in Togo which would relieve the port of Lomé and also enhance sustainable transit traffic to other regions in the country and West African landlocked countries. Additionally, this paper is categorically organized into 5 sections for a comprehensive reading. Section 2 provides brief literature on dry port concept and its development in West Africa. Section 3 illustrates the application of Analytic Network Process and its decompositions which were the same methodology used in this study while Section 4 describes the data and present its estimated results regarding the change in sensitivity analysis to various inputs and its implications. Section 5 provides useful conclusions to this study.
Literature Review

Dry Port Concept and Its Development in West Africa
For an outstanding review on dry port concept and the qualitative principles concerning the range of services offered by dry ports, we humbly refer interested D. S. Augustin et al. readers to [2] [7] [8] [9] [10] and [11] . We intend to provide a brief literature review on dry port development and the quantitative methodology on dry port location selection. In recent years, studies on dry ports have become contemporary issues because of the continuous increase in demand for effective and efficient hinterland transportation and the challenges faced by various stakeholders. [12] asserted that based on its function and location, a dry port can be categorized as close, midrange or distant dry port. [13] also emphasized that dry ports can be categorized as a seaport-based dry port, city-based dry port, or a border dry port. They further explained that a seaport-based dry port often refers to a facility located at the coast with a pivot function of pre-customs clearance. The sustainability of such port solely rely on the consolidation capacity and function of customs clearance as its proximity to the seaport implies that its objective is to restructure the domestic supply chain and shorten lead times (ibid). According to [14] , a city-based dry port is often mainly driven by the extensive growth of domestic economy and it is located within a large logistics clusters or export processing zones. Its primary aim is to absorb demand and support local trade thus signing bilateral agreement with seaports to secure external transportation. From a generic perspective, a border dry port is located in a frontier area far from the seaports and with a main function as a transshipment center or customs clearance services. However in Togo, there is currently no active dry port but we understood the latter classification is relatively more practical since the ownership of a dry port is determined regarding its efficiency, size and transport system.
Since 2010, many port stakeholders in West Africa have paid increasing attention to the development of dry ports due to the competitive pressure of corresponding hinterland with neighboring seaports. For example; Ghana Ports and Harbour Authority [GPHA] has taken an initiative of developing the Boankra inland port while Nigerian Port Authority [NPA] has also embarked on extensive dry port development projects in various parts of Nigeria such as Kaduna, Ibadan, Abia and many other states. In 2018, Cote d'Ivoire signed a mutual agreement with China worth €399.4 million for the establishment of a dry port at the northern region of the country (Ferkessedougou). In Togo, Bolloré Africa Logistics, a major terminal operator within the region has also signed a mutual agreement with the Port of Lomé and the Togolese government to rehabilitate and extend the current railway network from Lomé to a hinterland location and this agreement also includes the establishment of a dry port in Togo. Furthermore, port authorities in Benin and the government of Niger Republic have also signed a bilateral agreement in developing dry ports in Dosso, Gaya and Niamey. Many more projects on dry port development are currently underway in order to enhance port productivity and promote inland transportation network within the sub region. 
Background Information on Port of Lomé
Methodology
Dry Port Location Decision Making and Analytic Network Process [ANP]
According to [15] , decision making remains the core of all managerial functions and it involves selecting an alternative action towards carrying out an aim/goal.
This includes making decisions with enhanced decision-making techniques in addition to the traditionally improved collection of information and implementation. Therefore, decision-making is key in order for organizations to gain a competitive advantage. Many organizations spend enormous amounts of time and resources in collecting and analyzing data, however, less effort is spent in assessing alternative decision actions. These forms of decision making is however not adequate for complex and vital decisions. Thus, firms that adopt modern decision support techniques are more strategically positioned to enjoy competitive advantages over their competitors. The two modern decision support techniques that have become very useful to firms recently are the Analytical Hierarchy Process (AHP) and Analytical Network Process (ANP), both developed by Professor Thomas L. Saaty. The AHP model was established by [16] and has been pragmatic in a diversity of decision-making techniques ranging from simple to complex problems. Particularly, some authors have applied Analytic Hierarchy Process (AHP) to maritime transport studies and this includes; [17] [18] [19] and [20] . [21] suggested that the Analytic Network Process (ANP) can be applied to determine the best city that can be designated as an optimum location for a dry port. Generally, the Analytic Network Process model can be analyzed using the four basic steps below:  Decision model development and problem structure  Pairwise comparison matrices and priority vectors  Super-matrix formation  Selecting the best alternatives
Decision Model Development and Problem Structuring
This is an important part of the whole decision-making process. It marks the beginning of the process and without the correct statement of purpose, the whole decision will be in jeopardy. Therefore, it is imperative that the decision problem is clearly stated and be sectioned accordingly into a rational network. The model can be represented as a directed network, either as a hierarchy or a simple feedback network model. The framework of a particular network is derived through the most suitable technique for the decision which usually requires brainstorming, a survey, or other related forms. Such deliberations provide valuable input in the decision-making practice as structuring the problem allows the decision-maker to ensure a bird's eye view of all issues concerning the complex decision.
Constructing Pairwise Comparison Matrices and Priority Vectors
Conferring to the AHP, decision variables interacting in the model are compared according to their importance in relation to their criteria. Additionally, the entire clusters are compared pairwisely in regards to their input towards the principal objective of the decision making procedure. Respondents (who are in fact the decision-makers) are asked to perform pairwise evaluations of two variables or clusters in relation to their value to the upper-level criteria. The generic question asked in a pairwise comparison process is that "given a pair of components (elements), how much more does a given member dominate or influence that component with regards to the control element than the other member" [22] .
Interdependencies among variables in a particular cluster are then examined pairwisely. An eigenvector denotes the influence of each variable on other variables. Saaty's fundamental scale is used to the values employed to denote relative importance among variables as shown in Table 1 below.
From Table 1 The pairwise comparison matrices are in the form presented in Equation (1) below:
Matrix A is multiplied by the vector of weights (w), and vector n⋅w is obtained in Equation (2). 
Re-arranging the formula: ( ) . w' is a normalized eigenvector and λ max which is the principal eigenvalue for A'. In reality, the more complex the circumstances, the more difficult obtaining consistent answers become. As A' is not consistent, λ max will always be larger than n (as shown in Equation (3) Consistency of responses can be tested by calculating an appropriate Consistency Index CI shown in Table 2 . A perfectly reliable decision maker should obtain CI = 0 although small values of discrepancy may be accepted. In general, if the consistency index (CI) is < 0.10, the consistency of the decision maker is satisfactory.
Formation of Super-Matrix
According to [23] , global priorities in a framework with interdependencies are obtained when the local priority vectors are inputted in the correct columns of a matrix. The priorities obtained from pairwise comparison matrices in step 2, are inputted as fragments of the columns of a supermatrix. The supermatrix shows the stimulus priority of a variable on the left side of the matrix and a variable at the top of the matrix related to a specific control criterion [24] .
Thus, the clusters of a decision framework can be denoted by:
1, 2, , h n =  , and each cluster h has nh variables, denoted by 1 2 , , ,
as presented in (Equation (4)) below. 
For the ANP, a final comparison matrix from the collection of decision makers is computed from the pairwise comparisons. After the ratio scale priority vectors of the final comparison are sorted out, the vectors are entered in the supermatrix. The geometric mean of elements is used to obtain the final comparison matrices for each decision-maker (Equation (5)).
( )
Selecting the Best Alternative
The best alternative(s) are selected based on the supermatrix formed in Equation (4) . The final priority weights of every distinct alternative can be established in 
Data and Analysis
Multi-Criteria Evaluation for Dry Port Location Decision Making
The framework of the ANP network was formed utilizing the Super Decisions software. The structure comprises the main objective or goal at the top, linked to the criteria and sub-criteria. The criteria described above were inputted into the software with the appropriate clusters, sub-clusters and links used to represent the model as accurately as possible. The criteria and sub-criteria were adopted from Samir et al. and modified to suit the research objective in Togo and this is elaborated in Table 3 below.
Selecting from Alternatives
In order to select the best location for the establishment of a dry port in Togo, all the five regions in the country were initially evaluated based on the criteria used the model, pairwise comparisons between clusters, criteria, sub-criteria and alternatives are initiated with respect to the links provided in the ANP model. This is established to derive the significance of the decision criteria in relation to the overall objective. The weights of criteria were calculated by evaluating each pair of factors by the group of experts knowing that such knowledge is not common to the general public. The values employed in the assessment are specified by numbers ranging from 1 -9, as expressed in Table 1 . The AHP eigenvector technique is used to compute the comparative weights and is a unique way to obtain the ranking or dominance replicated in the pairwise comparison (Table  5) when there is inconsistency in measurement [22] . The numerous questions posed to the decision makers were in form with regards to the goal of selecting an optimum dry port location, what is the comparative importance of Accessibility Factor (AF) to Environmental Factor (EF)? Depending on the scale provided, if the answer is (1/7), the decision maker believes Environmental Factor is very vital relative to Accessibility Factor. Based on the survey and computation of results from the Super Decision software, the criteria used in this study were rated based on the values of the idealized priorities which were converted into three decimal places. Thus, Location Factor LF got the highest rating with a score of (1.000), followed by Economic and Social Factor-ESF (0.888), Accessibility Factor-AF (0.438), Political Factor-PF (0.133) and Environmental Factor-EF (0.089). The inconsistency Ratio was 0.024 which remains insignificant in the pairwise comparison matrices and it also indicates that the results of the study were consistent and reliable.
Pairwise Comparison Results of Criteria and Sub Criteria in Dry Port Selection Decision
The tables representing the pairwise comparison results of the evaluating criteria D. S. Augustin et al. 
Ranking Results Regarding the Decision Alternatives
The objective of this study is to determine an optimum location for the establishment of dry port in Togo. Thus, selecting the best alternative to realize the set objective based on the criteria provided by the researchers. The data was run using the Super Decision software and the synthesize ranking indicates that Sokodé, a city in the central region of Togo is the most preferred location for establishing a dry port in Togo and has an ideal score of (1). Lomé has an ideal score of (0.94) thus ranked second after Sokodé while Dapaong was rated the least location with an ideal score of (0.73). More inclusive information on the ranking result is shown in Table 6 below.
Model Sensitivity Analysis
The sensitivity analysis on the final output from Analytic Network Process is performed using a "what if comparison". This assessment is performed in order to validate that the result of the model is constant regarding the changes in judgments' or variations in inputs. In this study, the sensitivity analysis was directly performed on the five criteria and the three alternatives used in the Super 
Decision software. A further assessment was conducted on the priorities of alternatives plotted on Y axis while X axis denotes the variations in significances of the selected locations. Thus, Figure 3 below extracted from super-decisions software indicates that there is no substantial change to the outcome of the analysis with changes to the inputs variables. From the sensitivity analysis result, Sokodé has the highest score of (0.853) among the selected alternatives while Lomé emerged second with a score of (0.082) and lastly Dapaong with a score of (0.065). Sokodé is located in the central region and it is the second most populated city in Togo aside Lomé. It is also famous for its various commercial activities and serves as a central market along CU9 Lomé-Ouagadougou corridor. In addition to these factors, Sokodé is also known for its outstanding topography and proximity to the current railway network that extends to Blitta in the central region of Togo.
D. S. Augustin et al.
Conclusion
The main idea behind this empirical research is to access the establishment of dry port in Togo. This study provides an in-depth Analytic Network Process model as a vital decision-making tool. It also contributes to the existing literatures on dry port development and focuses on the port of Lomé as a gateway port to other West African hinterland nations (Burkina-Faso, Mali & Niger). In addition to the transshipment function that developing a dry port in Togo could provide, it would also offer services such as customs clearance to shippers in the hinterland markets, consolidation, depot and storage and maintenance of containers. Although the establishment of dry port in Togo would not be a definite solution for the gridlock at the port of Lomé, it would definitely enhance freight transport via Lomé-Ouagadougou CU9 transit Corridor. Aside the generic ecological benefit and the quality of life that Togolese commuters will enjoy when the freight traffic is being shifted from road to rail, the development of dry port at Sokodé would offer the port of Lomé a prospect to increase in its throughput capacity without any physical development at the port and it would also relieve the port of Lomé from challenges regarding environmental issues and insufficient land. And this would in return enhance a supple, steadfast and great capacity flow of transit traffic via Lomé-Ouagadougou CU9 transit corridor. 
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